Background: Xylanase from bacteria finds use in prebleaching process and bioconversion of lignocelluloses into feedstocks. The xylanolytic enzyme brings about the hydrolysis of complex biomolecules into simple monomer units. This study aims to optimize the cellulase-free xylanase production and cell biomass of Bacillus tequilensis strain ARMATI using response surface methodology (RSM). Results: Statistical screening of medium constituents and the physical factors affecting xylanase and biomass yield of the isolate were optimized by RSM using central composite design at N = 30, namely 30 experimental runs with 4 independent variables. The central composite design showed 3.7 fold and 1.5 fold increased xylanase production and biomass yield of the isolate respectively compared to 'one factor at a time approach', in the presence of the basal medium containing birchwood xylan (1.5% w/v) and yeast extract (1% w/v), incubated at 40°C for 24 h. Analysis of variance (ANOVA) revealed high coefficient of determination (R 2 ) of 0.9978 and 0.9906 for the respective responses at significant level (p b 0.05). The crude xylanase obtained from the isolate showed stability at high temperature (60°C) and alkaline condition (pH 9) up to 4 h of incubation.
Introduction
Xylan is a polymer of xylose molecules and a major component of hemicelluloses in plant, which plays a major role to hold the cell walls together. It is one of the most abundant renewable polysaccharides in nature after cellulose that constitutes 35-40% of the total dry weight of higher plant [1, 2] . Xylan contains β-1,4-linked xylose residues in the backbone. Short side chains of o-acetyl, α-L-arabinofuranosyl, D-α-glucuronic and phenolic acid residues are attached to it [3] . Complete hydrolysis of xylan requires different xylanolytic enzymes such as endoxylanase, β-xylosidase, α-arabinofuranosidase, acetyl esterase, and α-glucoronidase. Among them, endo-β-1,4-xylanase (EC 3.2.1.8) plays an important role to catalyze the hydrolysis of long-chain xylan into short oxylo oligosaccharides [4, 5] . Xylanases are hemicellulases produced by microorganisms to break down hemicelluloses and xylan, and release xylose. The main hydrolysis products are β-D-xylopyranosyl oligomer but later, mono-, di-and trisaccharides of β-D-xylopyranosyl are also produced [6] .
Bacteria are major attractive producer of high levels of extracellular xylanase [7, 8] . In the present scenario, large-scale cultivation of fungi and actinomycetes is very difficult because of their slow generation time, coproduction of highly viscous polymers, and poor oxygen transfer [9] . To overcome these problems, researchers have concentrated on the large-scale production of xylanase from bacteria. The genus Bacillus has been studied more extensively among bacterial xylanases. Bacillus species are industrially important bacteria due to their rapid growth rate and for their capacity to secrete important extracellular enzymes and proteins in the medium. Currently, cellulase-free xylanases are playing the most important role in paper and pulp industries (prebleaching of kraft pulp) in order to reduce the use of toxic chlorine chemicals [10] and the enzymes are also found to be effective in saccharification process [11] .
The commercial application of cellulase-free xylanase in various industrial processes is very limited due to partial hydrolysis of substrate, thermal and pH instability of enzyme, and time dependent enzyme production. The maximum production of xylanase with costalternate strategies of culture medium optimization. Therefore, an intensive investigation is necessary to scale up the enzyme production from new bacterial isolates under submerged fermentation (SmF) by various optimization means. Fermentation medium optimization plays a critical role in enhancing the production yields of the industrially important enzyme. Optimization for enhanced production of enzyme depends upon medium components like carbon source, nitrogen sources, pH, temperature, agitation and incubation time. The optimization of the fermentation medium by one factor at a time (OFAT) is not only a time consuming process but also may lead to inaccurate results and conclusions. This classical method of optimization is unable to detect the interaction between two factors responsible for enhanced enzyme production. Response surface methodology (RSM) is an alternate statistical strategy to improve enzyme yield by designing minimum number of experiments for large number of factors [12] . RSM explains the combined effects of all the independent variables in a fermentation process and explores an approximate interaction between a response variable and a set of design independent variables. Therefore, keeping in view the importance of statistical approach, an attempt has been made to enhance the production of cellulase-free xylanase by RSM using central composite design (CCD) with four independent variables from poultry farm isolate, Bacillus tequilensis strain ARMATI in SmF.
Materials and methods

Sample collection
Feces soil samples were collected from poultry farm of Guduvanchery, Tamil Nadu, India. The samples were kept in sterilized polythene bags and stored at 4°C in laboratory for further experimental analysis.
Screening of hyperxylanolytic bacterial strain
Xylan agar media (in g/L: polypeptone -10.0; yeast extract -5.0; KH 2 PO 4 -1.0; MgSO 4 .7H 2 O -0.2; Na 2 CO 3 -10.0; Xylan -5.0; NaCl -3.0; agar -20.0; and pH -7.0) were prepared and transferred to the sterile petri plates aseptically. The serially diluted soil samples were spread onto the cooled agar media under aseptic conditions. The plates were incubated overnight at 37°C for the appearance of xylanolytic bacterial colonies. After overnight incubation, xylanase producing bacterial colonies were selected by staining the plates with Congo Red (1%) for 5 min followed by destaining with 1 M NaCl for 10-15 min. The selected cultures were purified and maintained as glycerol stock. Isolated pure cultures were screened on the basis of their extracellular xylanase production efficiency. Hyperxylanase producing isolate was selected for its characterization and cellulase-free xylanase production ability.
Molecular characterization and identification of hyperxylanolytic bacterial strain
Genomic DNA of the strain was isolated and amplification of the 16S ribosomal RNA was done using the thermal cycler (Eppendorf Gradient) with Taq DNA polymerase and primers. The conditions for thermal cycling were as follows: denaturation of the target DNA at 94°C for 4 min followed by 30 cycles at 94°C for 1 min, primer annealing at 52°C for 1 min and primer extension at 72°C for 1 min. At the end of the cycling, the reaction mixture was held at 72°C for 10 min and then cooled to 4°C. PCR amplification was detected by agarose gel electrophoresis and visualized by gel doc. The amplicon was purified and the same was sequenced using an automated sequencer (Genetic Analyzer 3130, Applied Biosystems, and USA). The sequence was compared for similarity search with the reference species of bacteria contained in genomic database banks, using the NCBI BLAST. The sequence was submitted to GenBank and the accession number KC424491 was assigned for the isolate. Phylogenetic relationship of the isolate with other Bacillus species were inferred from phylogenetic comparison of the 16S rRNA sequences using the Neighbor-Joining (NJ) algorithm in Molecular Evolution Genetic Analysis (MEGA) software version 4.0 [13] .
Extracellular xylanase production and extraction
Five hundred microliter of overnight grown bacterial inoculum was inoculated into 50 mL of fermentation medium. The fermentation medium consisted of (g/L): polypeptone -5.0; yeast extract -5.0; KH 2 PO 4 -1.0; MgSO 4 ·7H 2 O -0.2; Na 2 CO 3 -10.0; Xylan birchwood -10.0; NaCl -3.0; and pH -7.0. The flask was kept for incubation in rotatory shaker at 37°C. After overnight incubation the broth culture was centrifuged at 8000 g for 10 min. The supernatant was collected and the quantitative assay for xylanase production was performed according to standard procedure.
Estimation of cellulase-free xylanase activity
Xylanase activity was measured according to Bailey et al. [14] with some modifications. The supernatant obtained from overnight bacterial broth culture was used as crude enzyme. One milliliter of enzyme solution was added to the test tube containing 1 mL of 1% solubilized birchwood xylan solution. The reaction mixture was incubated at 50°C in water bath for 10 min. The reaction was stopped by adding 1 mL of dinitrosalicylic acid (DNSA) into it. The tubes were incubated in boiling water bath for 5 min. After cooling, the solution was centrifuged at 8000 g for 5 min, and the supernatant was analyzed for absorbance at 540 nm. A reagent blank and an enzymatic blank were prepared under the same condition. D-xylose (100-1000 μg/mL) was used as the standard. One unit (IU) of xylanase activity was defined as the amount of enzyme that liberates 1 μmol of reducing sugars equivalent to xylose per minute under the assay conditions described.
Cellulase activity was determined by similar method using 1% (w/v) carboxy methyl cellulose (CMC) as substrate and glucose as standard. This assay was performed to adjudge the cellulase free nature of the crude xylanase produced from the bacteria. The cellulase-free xylanase will provide additional benefit during optimization process.
Estimation of protein
Estimation of total extracellular protein was performed through Bradford test (Bradford, 1976) . Bovine serum albumin (BSA) was used as standard. Protein content per milliliter of test samples was determined against the standard curve.
Biomass estimation
Two milliliter sample was collected in a pre-weighed Eppendorf tube and centrifuged at 8000 rpm for 10 min. Supernatant was discarded and the pellet was washed thrice with sterile distilled water, followed by drying the pellets at 95°C till attaining constant weight and expressed in dry cell weight (mg/mL).
Optimization of process parameters for xylanase production and biomass yield
The effect of different parameters such as pH (5) (6) (7) (8) (9) (10) , incubation temperature (30°C-50°C), agitation speed (120-160 rpm), incubation time (12-96 h), carbon sources (glucose, birchwood xylan, xylose, sucrose, lactose and mannose) and nitrogen sources (peptone, yeast extract, beef extract, tryptone, KNO 3 , ammonium sulfate and ammonium chloride) were studied using the 'one factor at a time approach' (keeping the rest factor constant) in order to estimate xylanase activity and biomass yield under submerged fermentation. A total of four independent variables were selected for further optimization process by RSM using CCD based on previous experimental results.
Effect of temperature and pH on the enzyme stability
The temperature stability of the enzyme was studied using crude xylanase. To evaluate thermal stability, the enzyme solution was incubated at temperatures of 30-70°C for up to 4 h. The residual enzyme activity was recorded at 1 h interval during 4 h incubation. The enzyme activity was determined as described earlier.
pH stability was measured by incubating the enzyme at pH 5 to 10 in different buffers (0.1 M) such as Sodium phosphate (pH 5.0 to 7.0), TrisHCl (pH 8.0, 9.0) and carbonate-bicarbonate (pH 10.0). To evaluate the stability of the enzyme at each pH, the crude enzyme was incubated into the respective buffer over a pH range of 5.0-10.0 for up to 4 h at optimum temperature. The residual enzyme activity was determined at 1 h interval during 4 h incubation. The enzyme activity was determined as described earlier.
Response surface methodology
RSM was used to optimize the fermentation parameters for enhancing extracellular xylanase production and biomass yield of the strain. A central composite design [2] was employed for the optimization process. The independent variables selected for this study were birchwood xylan, yeast extract, incubation temperature and incubation time. Each independent variable in the design matrix was studied at five different levels (-α, -1, 0, +1, +α) as shown in Table 1 . The design involved 6 center points with an alpha value being ±2. The five coded levels of alpha, studied in the present study were -2, -1, 0, + 1 and + 2. According to the present experimental design, the total number of treatment combinations is 2 k + 2 k + n, where 'k'
is the number of independent variables and 'n' is the number of repetition of experiments at the central point. The experimental design consisted of 30 experiments of four variables in order to optimize the xylanase production. All variables were set at a central coded value of zero. The experimental plan of independent variables with respect to their values in actual and coded form is shown in Table 2 . All the experimental runs were performed in triplicate and average xylanase activity (Y) and biomass production (Z) were taken as dependent variable. The effects of variables to the response were analyzed by using a second-order polynomial equation The goodness of fit of the polynomial equation was expressed by coefficient of determination R 2 and its statistical significance level was checked by F test. The desirability was kept at maximum. The accuracy and general ability of the above polynomial model could be evaluated by the coefficient of determination R 2 . Each experimental design was carried out in triplicate, and the mean values were given.
Validation of model
The validation of the design was validated by running the experiment based on the optimum values for variables given by response optimization using CCD to confirm the experimental value and predicted value of xylanase production and biomass yield.
Software used
The independent variables of the experimental design were optimized and interpreted using Design Expert Version 10.0.0 (Stat-Ease Inc., Minneapolis, Minnesota, USA) statistical software. ANOVA was used to validate statistical parameters.
Results
Identification of bacteria
Out of ten isolates, one isolate showed maximum production of xylanase on xylan agar plate. An amplicon of 740 bp size (Figure not shown) was observed through PCR amplification and sequencing. The sequence was subjected to a multiple sequence alignment using the BLAST program of NCBI. The 16S rRNA sequence showed a homology of 100% with B. tequilensis. The sequence was deposited in GenBank, maintained by NCBI, USA (Accession No: KC424491) and the organism was identified as B. tequilensis strain ARMATI (Fig. 1) . The phylogenetic tree ( Fig. 2) was constructed using bioinformatics software MEGA 4.0.
Optimization of process parameters
Among various dependent and independent variables tested for xylanase and biomass production through OFAT method, birchwood xylan (1% w/v), yeast extract (0.5% w/v), incubation period (24 h) and incubation temperature (35°C) were found to be potential factors in order to increase xylanase and biomass production in strain ARMATI. There was no trace of cellulase production during the submerged fermentation process. It indicates the cellulase-free xylanase production from strain ARMATI.
Effect of pH and temperature on xylanase activity and stability
The xylanase produced by strain ARMATI was assessed at different pH and temperature ranges. The isolate showed maximum xylanase activity at pH 7 (Fig. 3a) . There was a significant reduction in the xylanase activity at acidic and alkaline medium. The enzyme was found to be stable at a wide range of pH from 5.0 to 9.0. The strain was found stable with 66% of activity up to pH 9.0 for 4 h of incubation (Fig. 3b) . On the other hand, the strain showed maximum production of xylanase at 35°C (Fig. 4a) . The enzyme activity was found to be reduced at high temperature. Crude xylanase obtained from strain ARMATI showed stability till 60°C for 4 h of incubation and retained up to 51% of the activity. The enzyme stability was reduced significantly above 60°C (Fig. 4b) .
Optimization using response surface methodology
The independent factors with their respective high and low concentrations used in optimization process are represented in Table 1 . The central composite design matrix of the independent variables in coded units along with predicted and experimental values of response is given in Table 2 . The highest xylanase activity was obtained from Run No. 17 ( Supplementary Fig. 1 ), which consisted of birchwood xylan (1.5% w/v), yeast extract (1% w/v), incubation temperature (40°C) and time period (24 h). The biomass value of the strain using RSM optimization was enhanced 1.5 fold compared to one factor at a time approach.
Analysis of variance (ANOVA) for xylanase quadric model is given in Table 3 . Model terms having p value b0.05 were considered significant. The model F value of 492.88 implies the model is significant. There is only 0.01% chance that a large "Model (Table 3) . The "Lack of Fit F-value" of 1.98 implies that the Lack of Fit is not significant relative to the pure error. Non-significant lack of fit is good for the model to fit. The multiple correlation coefficient (R 2 ) closer to 1 denotes better correlation between experimental and predicted values and indicates the model accurate with better response. In the present study, a low CV (0.86%) denotes that the experiments performed are highly reliable and precise. The "Predicted R 2 " of 0.9978 is in reasonable agreement with the "Adj R 2 " of 0.9958. "Adeq Precision" ratio of 84.543 indicates an adequate signal due to the value greater than 4. This model can be used to navigate the design space. ANOVA for biomass quadric model is given in Table 4 . The model F value of 112.51 implies the model is significant. There is only 0.01% chance that a large "Model F value" could occur due to noise. In this case A, B, D, BC, A 2 , B 2 , C 2 and D 2 are significant model terms. The "Lack of Fit F-value" of 3.93 implies that the Lack of Fit is not significant relative to the pure error. The multiple correlation coefficient (0.9906) closer to 1 denotes better correlation between experimental and predicted values and indicates that model accurate with better response. In the present study, a low CV (5.59%) denotes that the experiments performed are highly reliable and precise. The "Predicted R 2 " of 0.9503 is in reasonable agreement with the "Adj R 2 " of 0.9818. "Adeq Precision" ratio of 32.516 indicates an adequate signal due to the value greater than 4.
Distribution of experimental and predicted values for xylanase activity was shown by Parity plot (Fig. 5) where data points are localized close to the diagonal line, suggesting that the model is accurate and satisfactory. Interaction between birchwood xylan concentration (A/X1) and incubation temperature (C/X3) on xylanase activity is shown in Fig. 7 Both the variables at their respective middle levels showed increment in xylanase production. Fig. 8 depicts the significant reduction in the xylanase activity at the lower and higher concentrations of birchwood xylan concentration (A/X1) and incubation time (D/X4). Fig. 9 represents that yeast extract concentration (B/X2) and incubation temperature (C/X3) at their respective middle to slightly higher levels showed increased xylanase production. Fig. 10 depicts that the enzyme production was increased at lower levels of yeast extract concentration (0.3-0.5%) and higher levels of incubation time (24-48 h). Fig. 11 depicts that an enhancement in the xylanase production was obtained at middle level of incubation temperature (40°C), while lower to middle level of incubation time (18-24 h) enhanced the response significantly. The normality assumption v s internally studentized residuals were found to be satisfactory due to the plot obtained in straight line (Supplementary Fig. 2 ).
Validation of model
The central point representing the maximum xylanase production had the following values -birchwood xylan 1.5% (w/v), yeast extract 1% (w/v), incubation temperature 40°C and incubation period 24 h. The validation of the optimization was carried out under above mentioned optimized condition of the variables. It showed the dependent response of 86.62 IU/mL which is very much close to the predicted response. The RSM optimization showed 44% enhancement in the response, compared to the lowest response of 48.65 IU/mL. The optimized conditions revealed the responses values close to the predicted one, indicating the validation strategy towards biomass yield and protein production. The reasonable accepted values of R 2 define the true behavior of the statistical system that can be used for interpolation in the experimental domain. A comparison of xylanase production from the isolate of the present study revealed that the enzyme titer value was higher than the other B. tequilensis strains but the activity of strain ARMATI varied substantially from other reported Bacillus sp. (Table 5 ).
Discussion
Xylanase is an important group of enzymes that depolymerize the xylan molecules into monomers. Xylanolytic enzymes are receiving increasing attention because of their potential application in pulp bleaching [15, 16] , resulting in reduced use of toxic chemicals by avoiding chlorine. There is a constant search of bacteria producing temperature and alkali-stable cellulase-free xylanase due to their vast industrial application. In that case B. tequilensis strain ARMATI was found to be a potential bacterial strain with significant xylanolytic activity, temperature stability and alkali tolerant ability. The preliminary study of this research was focused to identify the potential variables enhancing xylanase production in strain ARMATI using 'one factor at one time' approach by optimizing various medium components and physical parameters. Birchwood xylan, yeast extract, incubation temperature and incubation period were found to be potential independent variables influencing the xylanase production.
Xylanase activity was moderately affected by change in pH of the production medium. pH played an essential role in the secretion and production of xylanase by isolate. In the present study strain ARMATI showed maximum xylanase activity at neutral pH. The result of the present context was in good agreement with the findings of Sanghi et al. [17] and Ammoneh et al. [18] who demonstrated the neutral pH of the medium as influencing factor for maximum xylanase production from Bacillus sp. pH played an important role in the production of extracellular xylanase by the isolate due to the reason that substrate binding and catalysis are often dependent on charge distribution on both substrate and in particular enzyme molecules. The most important characteristic of novel isolate of the present investigation was stability at alkaline pH. The crude xylanase obtained from strain ARMATI was stable at a wide range of pH from 5.0 to 9.0. The outcome of the present study is more or less similar to the finding of Bai et al. [19] and Ko et al. [20] who demonstrated stability of xylanase at a wide range of pH 5.5 to 9.5. On the other hand the present investigation was in good agreement with the finding of Patthra et al. [21] who found that microorganisms produce maximum xylanase at neutral pH but the enzyme stability occurred in alkaline conditions. Charged amino acid residues result the enzymes to be stable at alkaline pH. Strain isolated in the present context could be a good source for biotechnological applications because of the enzyme stability at alkaline pH.
The fermentation temperature had profound effect on the production of xylanase by bacterial isolate. The finding of this present study is more or less similar to the reports of Battan et al. [22] who demonstrated that optimum xylanase production by Bacillus sp. was obtained at 37°C. The variations between our finding and the previous report may be because of the source of the isolation and type of bacterial strain. Xylanases collide and bind to the substrate at the active site in order to convert xylan into product. Change in the temperature of a system will increase or decrease the number of collisions of enzyme and substrate per unit time resulting change in the reaction. Thermal denaturation of the protein and enzymes occurs for the mesophilic bacteria at high temperature. Thus, high temperature may cause the rate of an enzyme catalyzed reaction to decrease due to the denaturation and inactivation of substrates or enzymes.
In the present investigation crude xylanase obtained from strain ARMATI was more stable at 60°C for 4 h of incubation. Our study favors the finding of Kamble and Jadhav [23] who demonstrated that xylanase obtained from Cellulosimicrobium sp. MTTCC 1065 was more stable up to 4 h of incubation. Xylanases exhibiting almost similar temperature optima have been reported by other researchers from several Bacillus sp. [24, 25] . Mesophilic bacteria are the potential producer of thermostable xylanases [8] . Results of the present study concluded that the crude xylanase from the isolate is temperature stable. Thus, enzyme stability at higher temperatures would be important criteria for several industrial applications.
The bacterial isolate showed enhancement in the enzyme production when grown in the media supplemented with xylan birchwood (1% w/v) and yeast extract (0.5% w/v) as sole carbon and nitrogen source respectively using OFAT method. The results totally agree with the finding of Kamble and Jadhav [23] and Sugumaran et al. [26] who demonstrated maximum xylanase production by the bacterium in the presence of birchwood xylan and yeast extract respectively. In the present investigation, xylan birchwood acts as stimulator in the production medium in order to enhance extracellular xylanase production. This might be due to the reason that xylan is metabolized slowly by the bacteria as a complex carbon source and accumulates maximum enzyme in the fermentation medium. Yeast extract plays an important role in xylanase production due to the presence of essential elements and growth factors. Time period plays a critical role in the enzyme activity. The isolate showed maximum xylanase production after 24 h of incubation. After 24 h, the xylanase activity was drastically decreased till 96 th h in a constant manner. A decline in xylanase activity afterwards was probably due to depletion of nutrients in the medium. This unfavorable condition for the bacteria results in reduction of enzyme activity. The present study results were more or less similar to Khodayari et al. [27] who observed significant xylanase production for Bacillus sp. at the end of 24 h. Findings of the current investigation concluded that the time course of enzyme activity varies with the source of isolation, types and genetic makeup of strains, and their cultivation conditions. The results obtained from the strain ARMATI using 'one factor at a time' (OFAT) approach was not satisfactory due to the less enzyme productivity and biomass yield of strain ARMATI. The classical method of optimization i.e. OFAT is not only a time consuming method but also a tedious process with unreliable results. Nowadays statistical design is a growing approach in order to optimize medium components and physical parameters for enhancing the enzyme production. Previous reports had shown xylanase production from microbial sources using statistical method [1, 28] . In the present investigation, cellulase-free xylanase production from strain ARMATI was enhanced 3.7 fold compared to the OFAT method by response surface optimization using CCD. Coman and Bahrin [2] also reported the 3 fold enhancement in the xylanase production from microbial source using central composite design. On the other hand Walia et al. [1] and Thomas et al. [28] showed 3.1 fold and 5 fold increase of xylanase production respectively after RSM optimization.
The statistical approach applied to the optimization of cellulase-free xylanase production and biomass yield from the strain showed the effect of four independent variables at five different levels. The results suggested a close agreement between the observed and predicted values of both the responses, which showed the accuracy of RSM in order to optimize the parameters for enhanced enzyme production. The ANOVA (F test) showed the model adjustment with the observed responses. A lower value of CV calculated from both the responses indicated a better precision and reliability of the model that was further checked by the correlation coefficient (R) and determination coefficient (R 2 ). Later the normality assumption v s internally studentized residual plot existing in straight line showed the better accuracy of the model. Perturbation graph for biomass production from strain ARMATI established an interactive effect of variables on the response. In the present context the statistical optimization had been applied efficiently to submerged fermentation that had overcome the limitations of one factor at a time approach.
The interaction between the independent variables such as birchwood xylan and yeast extract, birchwood xylan and temperature, birchwood xylan and incubation time, yeast extract and temperature, yeast extract and incubation period, and temperature and incubation period showed significant effect on both the responses. The enhanced production of both the responses showed mutual interconnection among the variables at their respective middle values. The experimental data obtained after statistical optimization had resulted in increased enzyme production by SmF. In spite of the wide application of SmF for enzyme production using bacteria, the present investigation showed that B. tequilensis strain ARMATI can be used for the enhanced production of cellulase-free xylanase using birchwood xylan (1.5% w/v) and yeast extract (1% w/v) within a shorter period of incubation (24 h) at 40°C.
In a nutshell, strain ARMATI is a potential bacterium that can be utilized at commercial scale in biobleaching process and lignocellulose bioconversion system because of long term thermostable and alkali-tolerant nature of crude xylanase. The RSM applied to the optimization and enhancement of xylanase production in strain ARMATI is a reliable and precise tool that explores an approximate functional relationship between a response independent variable and a set of design variables.
Conclusion
Response surface methodology using central composite design appeared to be a powerful statistical tool for the enhanced production of xylanase and biomass yield in Bacillus tequilensis strain ARMATI during SmF. Maximal production of enzyme was obtained with the fermentation conditions of birchwood xylan (1.5% w/v), yeast extract (1% w/v), incubation temperature (40°C) and incubation period (24 h). Under optimal conditions of independent variables, the experimental responses showed close agreement with predicted responses, confirming the validity of model. The optimized model through CCD showed 3.7 fold enhancements in xylanase production compared to OFAT approach. Further, the crude enzyme showed stability at a wide range of temperature and pH with 51% and 66% of residual activity respectively. These findings suggest that the cellulase-free xylanase obtained from strain ARMATI has properties suitable for industrial application especially in bleaching processes. Further study is in progress to scale up enzyme production in a batch fermenter using CCD optimized conditions. Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.ejbt.2016.04.002. 
